PURPOSE
To present chest radiography and thoracic computed tomography (CT) findings for patients with pandemic influenza A (H1N1) from November-December 2009 and to explore any differences compared to previously reported imaging findings.
MATERIALS AND METHODS
Fifty-two hospitalized patients with pandemic influenza (H1N1) were included in the study. All of the patients underwent chest radiography, and 28 patients were also evaluated by thoracic CT. Group 1 comprised 24 (46%) patients with no identified risk factors for H1N1 influenza infection. Group 2 comprised the remaining 28 (54%) patients with identified risk factors. The distribution of lung involvement, consolidation, ground-glass opacity (GGO), lymph nodes, and pleural effusion were evaluated.
RESULTS
Abnormal findings were observed in 85% of the patients. Bilateral lung involvement was present in 80% of the patients. The most common finding was a mixture of GGO and air-space consolidation. Lower zone predominance occurred in 89% of group 1 and 85% of group 2 patients. The involvement was observed most frequently in the peripheral and central perihilar areas of the lung in 80% of the patients. The extent of disease was greater in group 2 patients with the involvement of three or more lung zones in 62% of the patients.
CONCLUSION
The most common imaging finding for lung involvement was a mixture of air-space consolidation and GGO with a patchy pattern and lower/middle zone predominance. Pulmonary involvement of the disease was more extensive than that described in previous reports. and the remaining 9 (20%) patients had unilateral lung involvement.
In all of the cases, the most common finding was a mixture of GGO and air-space consolidation; this mixture was seen in 10 of the 18 (56%) group 1 patients and in 18 of the 26 (69%) group 2 patients. Lung abnormalities were most commonly detected in the middle and lower zones. Lower zone predominance occurred in 89% of group 1 and 85% of group 2 patients (Fig. 1) .
In group 1, 7 of the 18 (38 %) patients had air-space consolidation only, and 1 of the 18 (6%) had GGO only. The predominant pulmonary imaging finding in group 1 was a patchy air-space consolidation pattern and/or GGO in 11 of the 18 (61%) patients. The other finding was a diffuse consolidation pattern and/or GGO in 7 of the 18 (39%) patients (Figs. 2 and 3) .
The predominant pulmonary imaging finding in group 2 was a patchy air-space consolidation pattern and/or GGO in 20 of the 26 (77%) patients. The other finding was a diffuse airspace consolidation pattern and/or GGO in 6 of the 26 (23%) patients.
Involvement was more common in the peripheral and central perihilar areas of the lung in 35 of the 44 (80%) patients. The most common localization in both groups was diffuse, which was observed in 12 of the 18 (67%) patients in group 1 and 23 of the 26 (88%) patients in group 2. Three or more lung zones were involved in 25 of the 44 (57%) patients. The extent of disease was greater in group 2 patients, in which the involvement of three or more lung zones was observed in 16 of the 26 (62%) patients. Minimal pleural effusion was detected on the CT in 5 (11%) patients (Figs. 4 and 5). Milimetric (short axis diameter, <10 mm) lymph nodes in the mediastinum and hilar regions were observed on the CT in 13 of the 44 (30%) patients. In
All of the patients underwent chest radiography, and 28 patients were also evaluated by thoracic CT at our hospital. CT examinations were performed using a 4-MDCT scanner (Somatom Sensation 4, Siemens Medical Solutions, Erlangen, Germany). A routine thoracic CT protocol was employed for 18 patients. Seventeen patients underwent high-resolution CT (HRCT), including 7 patients who received both HRCT and thoracic CT. Routine thoracic CTs were obtained during the arterial phase after administering a 120 to 150 mL IV bolus of 300 mg/mL nonionic contrast material (Optiray, Covidien, Pointe Claire, Quebec, Canada) at a rate of 3-5 mL/s. The thoracic CT parameters were as follows: 90 mAs, 120 kVp; scan time, 26 s; slice thickness, 5 mm; contiguous 1-mm collimation; table speed, 12 mm/s; gantry rotation, 360° per 0.5-s with a resultant pitch value of 1.5. Our HRCT protocols were as follows: 270 mAs and 120 kVp, 1-mm collimations, 1-mm slice thickness, and 10-mm reconstruction intervals.
Two experienced radiologists reviewed all of the chest radiography and CT examinations by consensus. The chest radiography and CT findings were classified as normal or abnormal. The distributions of lung involvement were assessed as unilateral or bilateral and as central perihilar, peripheral, or diffuse (both central perihilar and peripheral). Each lung was divided into upper, middle, and lower zones. The extent of involvement for each zone was evaluated as <20% or >20%; in addition, involvement of 3 or more lung zones was recorded.
The abnormal findings were air-space consolidation (opacification obscuring the underlying vessels), ground-glass opacity (GGO; increased attenuation without obscuring the underlying vessels), nodules, and reticulation. Additionally, lymph node enlargement and pleural effusion, pulmonary embolism, and the presence of an endotracheal tube were also noted.
Results
The patient imaging findings are summarized in Table. Normal radiological findings were observed in only 8 of the 52 (15%) patients; 44 of the 52 (85%) patients presented abnormal findings. Bilateral lung involvement was observed in 35 of the 44 (80%) patients, Follow-up imaging was performed using chest radiography (n=5) or CT (n=5) in 10 patients. Disease progression was observed in 14 of the 52 (27%) patients between 3 days and one week after the initial examination. Fourteen of the 52 (27%) patients were treated in the intensive care unit (ICU). Mechanical ventilation was performed for 12 of the 52 (23%) patients. Oseltamivir phosphate (Tamiflu®; Roche, Basel, Switzerland) was administered as an antiviral treatment at a dose of 150 mg twice daily for ICU patients and 75 mg twice daily for the remaining patients. Unfortunately, 8 of the 52 patients (15%) died during the treatment (7 patients in group 2 and 1 patient in b a (Figs. 5 and 6 ). The length of hospital stay ranged between 3 days and one month.
Discussion
In this study, we showed that the most common pulmonary involvement findings for the pandemic influenza (H1N1) 2009 virus were air-space consolidation with a patchy pattern and GGO. In general, the radiologic abnormalities in our series were located in the bilateral peripheral and central perihilar areas of the lung with lower-middle zone predominance. We found that lung involvement was more extensive in the high-risk group (group 2) than in group 1. In our series, the extent of disease as a percentage of the lung and the mixture of air-space consolidation and GGO were more exces- sive than those described in previous reports. Nodular involvement or pulmonary embolism was not observed in our series.
The excessive percentage of lung involvement in our series suggests that H1N1 viral pneumonia during the pandemic period was more severe than initially observed and indicates that an investigation of increased virulence or strain changes may be required. The patchy pattern of air-space consolidation was a prominent feature in our series. Although this finding has been reported previously (9), it has not yet been emphasized in a large series (8) .
The most common symptoms in patients with influenza A (H1N1) infection are fever, dry cough, sore throat, headache, muscle or joint pain, chills, fatigue, diarrhea, and vomiting, similar to seasonal influenza (7) . The symptoms presented in our patients were sore throat, fever, and dyspnea. The pandemic (H1N1) 2009 virus has two distinct features when compared to seasonal influenza. First, it predominately affects children and young adults. Second, an infection of the lower respiratory tract followed by rapidly progressive pneumonia can develop in children and young to middle-aged adults (7). In our study, the mean age of the patients with pandemic influenza (H1N1) was 41 years (age range, 18-70 years), and 65% of the patients were <50 years of age. The patients in group 2 had a higher mean age than did those in group 1 (43.9 vs. 37.2 years).
Pandemic influenza A (H1N1) infection is usually subclinical, occasionally produces respiratory failure, and rarely causes death. Individuals at a higher risk for serious complications include those over 65 years of age and children younger than 5 years. In particular, the underlying medical conditions are very important for disease progression. The worst symptoms and findings appear in conditions such as chronic lung disease (e.g., asthma and chronic obstructive pulmonary disease), conditions associated with immunosuppression (e.g., receiving immunosuppressive medications or HIV positive), chronic cardiac disease (e.g., congenital heart disease and coronary artery disease), diabetes, obesity, pregnancy (especially during the third trimester), and in children with neurodevelopmental conditions (11) . In our series, 28 pa- c tients had identified risk factors. The radiologic findings and the extent of lung involvement in group 2 patients were more extensive than were those in group 1 patients. Two of the patients who died during treatment were pregnant, and the infants were delivered by Caesarean section. Five of the patients who died had systemic lupus erythematosus, diabetes mellitus, heart disease, or hypertension. One patient who died had no risk factors or additional diseases.
Primary viral pneumonia is the most common finding in severe cases of influenza and is a frequent cause of death, and secondary bacterial infections occur in approximately 30% of fatal cases. Respiratory failure and refractory shock have been the most common causes of death in patients with H1N1 (12) .
Chest radiographic and CT findings in patients with pandemic phase influenza A (H1N1) have not been previously reported. To our knowledge, this is the largest study to present imaging findings for the lung involvement of pandemic H1N1. This is the first study to investigate the pandemic phase of the disease. However, some chest radiography and CT reports are available for patients with novel influenza A (H1N1) infection during the early phase of disease, from April to June 2009 (8) (9) (10) . Chest radiographic disease findings have been described as abnormalities suggestive of pneumonia, including multilobar and unilobar infiltrates. The radiologic changes in the lung are bilateral patchy alveolar opacities with basal lung predominance or interstitial opacities such as linear, reticular, or nodular shadows (9) . GGOs with a patchy pattern and air-space consolidation are the most common thoracic viral pneumonia findings on CT (13) .
The distribution of parenchymal abnormalities may be diffuse without zonal predominance, and different zones may be affected. The bilateral lower segment and central area are typically involved, and alveolar disease changes are prominent. Pleural effusion and bilateral multifocal parenchyma involvement may be observed, but pulmonary embolisms have been rarely described (8) (9) (10) .
Progressive infection has been reported in individuals with H1N1 influenza (8) . Similar to previous reports, in the present study, the radiologic changes progressed rapidly within 3 to 7 days in 14 of the 52 (27%) patients. The lung findings first appeared in the lower zones and then rapidly progressed to the middle and upper zones, and the patchy areas progressed to consolidation. Other studies have reported that some patients might require admittance to an ICU and mechanical ventilation to treat a novel influenza A (H1N1) infection (8) (9) (10) . Mechanical ventilation was required in twelve patients in our study.
Our study had some limitations. First, this study was planned prospectively but was retrospective in nature. Second, the number of patients requiring mechanical ventilation was small; therefore, we did not compare a mechanical ventilation group to a group without mechanical ventilation. This is the first study to describe thoracic CT findings in patients during the pandemic phase of novel influenza A (H1N1) and comprises one of the largest patient groups on this subject in the literature to date. In the near feature, a multicenter study comprising a larger group of patients could explore more detailed imaging findings and determine any changes in disease virulence.
In conclusion, the most common lung imaging finding in pandemic H1N1 was a mixture of air-space consolidation and GGO with a patchy pattern and lower-middle zone predominance. The pulmonary involvement of the disease was more extensive than that described in previous reports.
